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(54) Hydraulic lifting system for a tractor 

(57) A hydrauBc lifting system for a tractor that can 
opeucate in position mode, draught mode and mixed 
mode is provided with means 36 for manually setting a 
mirtimum height for the Fffting system and has an elec- 
tronic control circuit that prevents the lifting system from 
being lowered beyond its set minimum position when it 
is operating in draught mode or mixed moda 
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Description 

The present invention relates to a hydraulic lifting 
system for a tractor operable in a fixed position mode, 
fixed draught niode or in a mixed mode which is a com- 
bination of the draught and position nrxxles. 

When the lifting system of such a tracta is operated 
in fixed position mode, a plough hHched to it will take up 
a fixed position relative to the tractor and thus theoreti- 
cally win produce furrows of substantially constant 
depth, regardless of the soil condition, while ttie draught 
(the reaction force or drag on the tractor) will vary in 
dependence upon the hardness of the ground. In 
draugjht mode, the depth of the furrows will vary with the 
hardness of the ground, being deeper in soft ground 
and shallower in hard ground, but the draught on the 
tractor remains sut)stantially constant In mixed mode, 
both tiie position and draught are taken into account in 
a pred^ermined proportion. 

Lifting systems for a tractor are known which com- 
prise a hydraulic cyfinder for raising and lowering an 
implement hitched to the tractor, means for sensing the 
draught of the implement on the tractor, means for set- 
ting a desired draught of the inplement on the tractor, 
means for sensing the position of the im|:dement relative 
to the tractor, means tor setting the desired position of 
the implen^ent. mixed nxxie setting means for setting 
the relative proportions of draught control and position 
control when operating In mixed mode, and a control cir- 
cuit operative : a) In draught mode to control the supply 
of hydraufic fluid to and from the hydraulic cylinder in 
dependence upon the difference between the desired 
and sensed values of the draught so as to maintain a 
constant draught; b) in position mode to control the eup- 
ply of hydraufic fluid to and from the hydraulic cylinder in 
dependence upon the difference between desired and 
sensed positfons of the implement to maintain a con- 
stant implement position; and c) in mixed mode to oom- 
k>ine the draught control and posftfon control commands 
in the proportion set by tiie mixed mode setting means. 

Despite the flexibility of control offered by known 
tractor lifting systems, problems can be encountered 
under certain conditions when ploughing in draught 
mode or mixed mode. 

In order to be able to understand Ihe conditions 
under which problems can arise, it should be explained 
first that a plough can be pulled in one of two ways, 
which are commonly termed "carried" and "semi-car- 
ried". When a plough Is semi-carried. its front end only 
is pivotally attached to tiie lower arms of tiie tractor lift- 
ing system and its trailing end is supported on at least 
one wheel on the ground. A fully earned pfough on the 
otiier hand has a furttier attachment point at Its front 
end, making a three point hitch, so that it is completely 
supported oft tiie ground by the lifting system of the 
tractor and acts as a rigid reanvard extension of the 
tractor chassis. 

One of the conditions under whk:h problems can 



arise Is when commencing a furrow in draught mode 
using a semi-canied plough (i.e.. as explained above, a 
plough that rests on a wheel at its trailing end but is 
hitched to the lifting system at its leading end). Because 

s the rear shares of the plough initially are kept out of tiie 
ground t>y the wheel and present no resistance, the lift- 
ing system, in order to attain tiie desired draught, 
pushes the front end of the plough deeper into the 
ground than the required steady depth of the funows. 

10 An untidy sight near tiie headlands is the resuft. 

Excessively deep furrows can also occur in draught 
mode witii a canied pfough when the tractor makes a 
transition from hard ground to softer ground. As the 
softer ground offers less resislance to the shares, the 

IS plough wiD dig deeper to obtain the desired draught as 
set for the harder ground. Consequentiy, especially in 
fields witti largely varying ^txind compositions, an 
undulating ground surface is aeated. 

It is therefore an object of the present invention to 

20 mitigate the foregoing disadvantages of the prior art 

According to the present invention, a hydraulic lift- 
ing system for a tractor Is provided operable in afixBd 
position mode, fixed cfraught mode or in a mixed mode 
which is a combination of the draught and position 

25 modes, comprising : 

- a hydraufic cylinder for raising and towering an 
implement towed by the tractor; 

- means for sensing tiie (fraught of the Implement on 
30 the tractor; 

- means for setting a desired draught of the imple- 
ment on the tractor; 

- means for sensing the position of the implement rel- 
ative to the tractor; 

35 - means for setting tiie desired position of tfieirnple- 
ment; 

• mixed mode setting means for s^ng the relative 
proportions of draught control and position control 
wfien operating in mixed mode; and 
40 - B. control circuit operative : 

in draught mxx^e to control the supply of 
hydraulic fluid to and from the hydraulic cin- 
der in dependence Mpon the difference 

45 between tiie desired and sensed values of the 

draught so as to maintain a constant draught; 
in position mode to control the supply of 
hydraulic fluid to and from tiie hydraulic (fin- 
der in dependence upon the cfifterence 

so between desired and sensed positions of tiie 

implement to maintain a constant implement 
posftion;and 
- in mixed mode to combine tiie draught control 
and position control commands In the propor- 

55 tion set by the mixed mode setting means. 

The lifting system Is characterised in tiiat means 
are additionally provided for manual setting of a lower 
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limit position. 

The invention wiD now be described further, by way 
of example, with reference to the acoonipanying draw- 
ings, in which : 

Figure 1 is a perspective view of a hydraulic lifting 
system for a tractor; 

Rgure 2 is a schematic side view of the lifting sys- 
tem shown in Figure 1; 

Figure 3 shows a control panel for use with the lift- 
ing system of Rgures 1 and 2; and 
Rgure 4 Is a flow chart representing the method of 
operation of the lifting system in Rgures 1 and 2. 

The fifting system of F^ures 1 and 2 is known per 
se and will therefore only be descra>ed to the extent 
necessary fbr an understanding of the present inven- 
tion. 

The plough, or other inrplement pulled by the trac- 
tor, is attached to hitching points 1 8 on two lower arms 
14 that are pivoted at one end about a fixed axle 16. 
Along their length, the lower arms 14 are pivotaUy con- 
nected l3y ties 19 of fixed length to two upper arms 20 
pivoted about a second fixed axle 22. A lever 24 that 
rotates with the upper lifting arms 20 is connected to the 
piston rod 26 of a double acting hydraulic cylinder 28 
connected by a threeiX>Sftion electrohydraulic valve 30 
to a hydraulic pump and a reservoir (both not shown). In 
the illustrated middle position of the valve 30. the work- 
ing chambers cf the hydrau&c cylinder 28 are isolated 
and in the other two positions, the upper liftBig anns 20 
are raised and lowered, respectively 

A sensor (not shown) is attached to one of the axles 
1 6 or 22 a to one of the fitting arms 1 4, 20 to determine 
the actual position of the hrtdiing point 18 fbr the imple- 
ment relative to the tractor. Another sensor, which may 
for example be a strain gauge, is attached to the axle 16 
to measure the actual value of the draugtit These sen- 
sors and the manner in which they are mounted are 
known per se and need not t^e described in greater 
detail. It suffices to know that the system that controls 
the electrohydraulic valve 30 receives signals that indi- 
cate the actual values of position and draught 

The control system also receives ^gnals from five 
potentiometers 3 1 , 32. 34. 36 and 38 on a separate con- 
trol panel 40 that is shown in Rgure 3. The potenttome- 
ters 34 and 36 set the upper and lower limit of the 
Implement respeclivefy, and the potentiometer 38 
allows the operator to set the speed of response of the 
control system, that is to say the speed with which the 
lifting anns can be raised and lowered. 

The potentk>meters 31 and 32 operate in combina- 
tion to generate signals indicative of desired values of 
position, draught or a combination of both, the latter 
allowing the draught and position control to be mixed in 
a varying proportion. In one end position of the potenti- 
ometer 32. the control system operates only in position 
mode and consequently, the signal received from the 



workvig depth control potentiometer 31 represents tiie 
desired position. Accordingly, a constant position Is 
maintained regardless of tiie hardness of tiie ground 
and tiie resultant draught. In the ottier end position of 

5 tiie potentiometer 32, the control system operates only 
In draught mode and consequentiy. witii this setting, tiie 
signal received from tiie working deptii control potenti- 
ometer 31 now represents the desired draught As 
such, a constant draugtit is maintained regardless of tiie 

10 hardness of the ground and tiie resultant position. In 
mixed mode, ot^tained in an intermediate position of the 
potentiometer 32. tiie two control strategies are mixed 
with variable weighting, depending on tiie position of tiie 
potentiometer 32. as will be better understood from tiie 

IS description below. 

As shown in tiie flow chart of Rgure 4. tiie fust step 
in tiie control procedure is for ttie operator to set the 
desired value of draught4x)Sition in the block 110, tills 
being effected by means of the potentiometer 31. The 

20 operator in block 114 also sets the mixed mode propor- 
tion by means of the potentiometer 32. The desired 
position and draught signals are combined in tMxk 116 
in tiie proportion set In tkxk 114 to provkte a first 
desired, signal. 

25 in each control cyde, ttie actual values of draught 
and position are measured in tiie blocks 118 and 120 t)y 
sampling tiie output signals of tiie position and draught 
sensors. These actual signals are similarly combined in 
tiie block designated 122 in the proportion set in tiie 

30 block 114 to provide a second, actual, signal. The 
desired and actual signals are conrpared in the block 
designated 124 and depending on the result of tiie com- 
parison one of three events may occur, namely: 

3S 1. If tiie desired and actual signals are equal, then 
no movement of the lifting system is required and a 
new control cyde Is commenced; 
2. If tiie adiml value exceeds the desired value, 
tiien steps are taken to raise the lifting system; and 

40 3. If the actual value is sensed to t>e less than tiie 
desired value then steps are taken to lower tiie lift- 
ing system. 

As described so far, the control strategy is conven- 
45 tional. The present invention differs from tiie prior art in 
tiie steps taken when towering the position of the lifting 
system. Whereas hitiierto tiie control system woukJ 
always respond on error signals resulting from tiie com- 
parison of the desired and actual signals requiring the 
50 lifting system to be lowered, in the present invention 
additional steps are first taken to ensure tiiat tiie lifting 
system is not towered beyond its preset minimum height 
set in the YAock 126 by using the potentiometer 36. 
Thus in the presence of an error signal indicating 
55 ttiat tiie actual signal is less than the desired signal, in 
otiier words an error signal requiring the lifting system to 
be lowered, a comparison is first made in the block 130 
to determine if tiie height of the lifting system is already 



3 



5 



EP0838140A1 



6 



at its lowest position, oorresponding to the maximum 
pemfiissiksle digging depth. For as long as the maximum 
digging depth has not been reached, the Irftir^ system 
Is lowered further into the ground in the block 132 in 
order to reduce the error signal. However, orrce the 5 
lower limit of the implement is reached, then it is not 
lowered any further even if the enor signal should per- 
sist 

As a precautionary measure, an upper Omit may 
also be set in the block 1 28 using the potentiometer 34 10 
to limit the extent to which the implement can be raised 
in order to avoid any part of the implement coHicBng with 
the cab or the chassis of the tractor. In the presence of 
an error signal requiring the Implement height to be 
raised, the cunrent height is first cornpared in the block is 
134 with the preset maximum permitted height and 
action is only taken in the block 136 to raise ttie lifting 
system if tiie implement has not yet reached its preset 
upper limit. It will be appreciated however that when the 
lifting system is under draught/|x)sition control. La with 20 
the implement engaging the ground, there is little 
chance that a setting of tiie potenttometers 31 and 32 
would require the implement to be raised into a po^on 
in which collision risk would extet In contrast therewHh. 
the upper limit setting is extremely recommendable ^ 
when switching from draughty|x>sition mode to raise 
nfKxJe. in which the implement is lifted out of the ground 
for facilitating headland tums or transport Such a 
switching easily is accomplished by means of a rocker 
switch (not shown). 30 

On reaching tiie end of each control cyde, as rep- 
resented by the block 1 38, the cycle is recommenced t^y 
returning to the block 124 in which tiie actual arxj 
desired values of position and draught are again com- 
pared. 35 

By ensuring tiiat the height of tiie implement never 
drops t>ek>w a preset limit when the tractor is operating 
in draught mode or mixed mode, tiie mvention ensures 
that excessively deep furrows are avoided when moving 
k)etween grounds of different hardness using a carried 40 
ptough and when starting a furrow witti a semi-carried 
pkHigh. 

aaims 

45 

1. A hydraulic lifting system for a tractor operable in a 
fixed position mode, fixed draught mode or in a 
mixed mode which is a combination of ttie draught 
and position modes, comprising : 

50 

- a hydraulic cylinder (28) for raising and lower- 
ing an implement towed by ttie tractor; 

- means (-) lor sensing the draught of the irrple- 
ment on ttie tractor; 

- means (31 ] for setting a desired draught of the 55 
implement on the tractor; 

- means (-) for sensing the position of tiie imple- 
ment relative to tiie tractor; 



- means (31) for setting ttie desired position of 
the implement; 

- mixed mode setting means (32) for setting the 
relative proportions of draught control and posi- 
tion conti-ol when operating In mixed mode; and 

- a control circuit (-) operative: 

- in draught mode to control ttie supply of 
hydraulic fluid to and from the hydrauGc 
cylinder (28) in dependence upon the dif- 
ference between tiie desired and sensed 
values of ttie draught so as to maintain a 
constant draught; 

- in position mode to control the supply of 
hydraulic flukl to and from the hydraulic 
cylinder (28) in dependence ipon ttie dif- 
ference between desired and sensed posi- 
tions of ttie implement to maintain a 
constant inplement position; and 

- in mixed mode to cornbine the draught 
control and position oontrol commands in 
tiie proportion set by ttie mixed mode set- 
ting means (32); and 

characterised in tfiat means (36) are 
additionally provided for manual setting of a 
lower limit position. 

2. A hydraulic lifting system according to daiml char- 
acterized in ttiat the control circuit is an electronic 
control circuit ttiat acts in draught mode and mixed 
mode operation to control the supply of hydraulic 
fluid so as to prevent further lowering of the imple- 
ment when tiie set lower limit is sensed to have 
been reached by the implement 

3. A hydrauFic lifting system accorcfing to daim 1 or 2, 
characterized in ttiat ttie tiydraiilic lifting system fur- 
ttier comprises means (34) for manual setting of an 
upper limit position, and wherein the control circuit 
is operative in draught mode and mixed mode oper- 
ation to control the supply of hydraulic fluid so as to 
prevent furtiier raising of the Implement when ttie 
set upper Emit is sensed to have been reached by 
the im|iriement 

4. A hydraulic lifting system according to any of tiie 
preceding daims characterized in that the means 
(36) tor manual setting of a lower limit rx)sition oper- 
ates independentiy from the means (31) for setting 
ttie desired positton of tiie implement. 



4 



EP0838140A1 




EP0 838140A1 



Set Desired 
Draught/Position 



110 



118 

114 120 



Measure Actual Draught 



Set Position/Draught 
Proportioii 



Combine Desired 
Draught & Position 
in Set Porportion " 



Measure Actual Position 



116 



UTll 



Combine Actual 
Draught & Position 
in Set Poiportion 



Desired 



Fig. 4 



Actual 



Compare Desired Combined ^ 
Draught and Position with 
Actual Draught and Position 



12^ 



Set Minimum 
Implement Height 



Actual < Desired 



130 

-V- 



Compare Actual Implement 
Height with Set 
Miiiimum Height 



Height >Min 



2 

'8 
Q 

u 

"3 

2 



Height <=Miii 



Lower Lifting 
System 



132 



124 



128 



Actual > Desired 



134 



Set Maximum 
Implonent Height 



Compare Actual Implement 
Height with Set 
Maximum Height 



Height <= Max 



138 
Repeat 



Height < Max 



Raise Lifting 
/ System 



136 



6 



EP0838140A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 97 20 2649 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document witti indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CU^FICATIONOFTHE 
APPLICATION (iBtCU) 



OE 35 22 823 A (BOSCH) 

* column 5, line 35 - column 7, line 12; 
figures * 

US 5 421 416 A (ORBACH) 

* abstract; figures * 

+ column 8, line 45 - column 9, line 13; 
figures * 

EP 0 167 681 A (DEERE) 

* abstract; figures * 

* page 5, line 4 - line 15 * 

EP 0 572 964 A (SAME) 

* abstract; figures * 

* column 7, line 53 - column 8, line 6 * 

GB 2 120 419 A (SECRETARY OF STATE FOR 
INDUSTRY) 

* abstract; figures * 

* page 2, line 107 - page 3, line 35 * 

EP 0 609 915 A (DEERE) 

* abstract; figures * 

* column 7, line 3 - line 10 * 



The present search report has been drawn up for all daims 



1-4 



1-4 



1-4 



1-4 



1-4 



1-4 



A01B63/111 



TECHNICAL RELDS 
SEARCHED (lnia.6) 



AOIB 



THE HAGUE 



Date or oompleiian of t« seaich 

15 January 1998 



Walvoort. B 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularlv rdtevant it combined with another 

document ot the same category 
A : technological background 
O : non-written disclosure 
P : trrtermediate document 



T : theory or principle underlying the invention 
E . earlier patent document, but published on, or 

after the f iirig date 
0 : document cited in the appltcatton 
L : document dted lor other reasons 

& : member of the same patent family, corresponding 
document 



7 



